This study was conducted in healthy Japanese subjects to examine the effects of age and gender on the relationship between the risk factors for cardiovascular disease (CVD) and augmentation index (AI), and the effects of clusters of those risk factors on AI. Radial arterial pressure wave analysis was used to obtain AI in 3675 men and 2919 women. AI was found to be higher in women than in men, and age-related increase in AI showed an attenuated curve in subjects aged X50 years. A step-wise multivariate linear regression analysis showed that mean blood pressure and smoking are independent significant variables related to AI in men regardless of age, and in women aged o50 years, but not in women aged X50 years. A general linear model univariate linear regression analysis showed that mean blood pressure and smoking had a significant interaction for their relation with AI in men, but not in women. In conclusion, among the risk factors for CVD, smoking and blood pressure were found to be independent factors related to increase in AI. Although age-related attenuation of increase in AI was confirmed in Japanese subjects, these risk factors may act to increase AI even in elderly subjects, at least in part. However, the effects of these factors on AI may differ based on gender, and these factors may act synergistically to increase AI in men. On the contrary, these factors may act independently in young women to increase AI without interaction, whereas only the blood pressure seems to increase AI in elderly women. Keywords: age; augmentation index; gender; risk factors INTRODUCTION Accumulating evidence suggest that increased arterial stiffness is an independent risk for cardiovascular disease (CVD). 1-3 The augmentation index (AI) is a marker related to systemic arterial stiffness, and some studies reported that increased AI or central blood pressure estimated by AI predicts future cardiovascular events. [4] [5] [6] Some studies reported that CVD risk factors affect AI. 7-11 The age-related increase in AI shows an attenuated curve in subjects aged 450 years, and AI is thought to be less sensitive in reflecting arterial stiffness in elderly subjects. 12 Although AI increases predominantly in women, the Second Australian National Blood Pressure Study (ANBP 2 study) showed that it cannot be used as a marker for predicting future CVD events in elderly women with hypertension. 13 Matsui et al. 14 examined the effects of age and gender on AI in subjects with hypertension under anti-hypertensive medication. However, their study could not avoid the influence of anti-hypertensive medication on the results. Thus, the effects of both age and gender on the relationship between the risk factors for CVD and AI in healthy individuals have not been fully clarified. Furthermore, although it is noted that a cluster of those risk factors additively or synergistically augments the progression of
INTRODUCTION
Accumulating evidence suggest that increased arterial stiffness is an independent risk for cardiovascular disease (CVD). [1] [2] [3] The augmentation index (AI) is a marker related to systemic arterial stiffness, and some studies reported that increased AI or central blood pressure estimated by AI predicts future cardiovascular events. [4] [5] [6] Some studies reported that CVD risk factors affect AI. [7] [8] [9] [10] [11] The age-related increase in AI shows an attenuated curve in subjects aged 450 years, and AI is thought to be less sensitive in reflecting arterial stiffness in elderly subjects. 12 Although AI increases predominantly in women, the Second Australian National Blood Pressure Study (ANBP 2 study) showed that it cannot be used as a marker for predicting future CVD events in elderly women with hypertension. 13 Matsui et al. 14 examined the effects of age and gender on AI in subjects with hypertension under anti-hypertensive medication. However, their study could not avoid the influence of anti-hypertensive medication on the results. Thus, the effects of both age and gender on the relationship between the risk factors for CVD and AI in healthy individuals have not been fully clarified. Furthermore, although it is noted that a cluster of those risk factors additively or synergistically augments the progression of atherosclerosis, 15 the effect of the cluster of the risk factors on AI is also unclear.
The present cross-sectional study was conducted in a large number of healthy Japanese subjects (i.e., subjects with no known history of CVD and no medication for CVD or for its risk factors) to clarify the following issues: (1) the effect of both age and gender on the relationship between risk factors for CVD and AI, and (2) the effects of the cluster of those risk factors on AI.
METHODS

Study cohort
From the beginning of June 2006 to the end of November 2007, subjects who underwent health-screening examination at the Health Care Center of Tokyo Medical University were invited to participate in a cross-sectional study to examine the clinical significance of radial AI as a marker of CVD risk in Japanese subjects. In this study protocol, in addition to the routine health checkup including evaluation of the cardiovascular risk factors, pulmonary function test and measurement of the radial AI were conducted. Written informed consent was obtained from all participants prior to these measurements. The study was conducted with the approval of the Ethical Guidelines Committee of Tokyo Medical University.
Measurements
Augmentation index. The measurements of blood pressure and radial AI were conducted after the subjects had rested for 5 min in a sitting position, in an air-conditioned room (24-26 1C) earmarked exclusively for this purpose. The blood pressure was determined in the right upper arm using an oscillometric method (HEM-907; Omron Healthcare Co., Ltd, Kyoto, Japan). Then, the mean blood pressure was calculated as follows: the average diastolic blood pressure+(the average systolic blood pressureÀthe average diastolic blood pressure)/3. Immediately after this measurement, the left radial arterial waveform was obtained using an arterial applanation tonometry probe incorporating an array of 40 micropiezoresistive transducers (HEM-9010AI; Omron Healthcare Co., Ltd). 16, 17 The HEM-9010AI device is programmed to automatically determine the pressure against the radial artery to yield the optimal radial arterial waveform. In all, 10 radial arterial pressure waveforms were recorded. HEM-9010AI is a prototype of HEM-9000AI and requires the measurement of blood pressure in the upper arm. Therefore, the blood pressure in the upper arm was determined by HEM-907. Then, the first and second peaks of the peripheral systolic pressure (SBP1 and SBP2) and radial diastolic pressure (DBP) were automatically detected, and the radial AI was calculated as follows: (SBP2ÀDBP)/(SBP1ÀDBP)Â100 (%). Waveform data were confirmed by well-trained technicians, and subjects with a standard deviation of rAI recordings over 6% were excluded.
A good reproducibility of radial pressure wave reflection at longer time intervals (hours and weeks) has been demonstrated. 18 In the present study, the reproducibility (i.e. hour-to-hour variability) was assessed in 38 subjects on the same day, but at different times. Pearson's correlation coefficients of AI between visit 1 and visit 2 were 0.95 (Po0.01), and the coefficient of variation of rAI was 3.2%. In these two visits, the coefficient of variation of systolic blood pressure was 4.0% and that of diastolic blood pressure was 4.2%.
Laboratory measurements
Low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides (TG), fasting plasma glucose (FPG) and serum creatinine levels were measured using enzymatic methods (Falco Biosystems Co. Ltd, Tokyo, Japan). All the blood samples were obtained in the morning after the patients had fasted overnight.
Statistical analysis
Data were expressed as means ± s.d. Univariate linear regression analysis was applied to assess the correlations of radial AI with other variables. Then, a stepwise multivariate linear regression analysis was conducted to identify the strength of the significance of the relationship of risk factors for CVD with AI. In addition, a general linear model (GLM) univariate linear regression analysis was applied to assess the independency and interaction of the correlations. The mean radial AI at each level of the age (increments of every 5 years) was compared with those at the previous level using a GLM univariate analysis. For the assessments of the differences in the status of each variable among the groups, a one-way analysis of variance (ANOVA) was applied. All the analyses were conducted using the SPSS software for Windows, version 11.0J (SPSS, Chicago, IL, USA); P-values of o0.05 were considered to denote statistically significant differences.
RESULTS
Of the 8940 subjects who agreed to participate in this study, 2202 were excluded because we failed to obtain a self report on smoking status (n¼75), failed to perform spirometry (n¼41), the standard deviation of the rAI was over 6% (n¼354), FEV1.0% was o70% (n¼241), the patient had a permanent pacemaker implantation or atrial fibrillation, or both (n¼69), or the patient was undergoing treatment for heart disease (n¼130), stroke (n¼77), renal disease (n¼87), pulmonary disease (n¼30), hypertension (n¼697), dyslipidemia (n¼281), diabetes mellitus (n¼85), collagen diseases (n¼12) and hormonal replacement therapy (n¼23). In addition, 144 subjects aged o30 years (most of them female) were excluded. Finally, 6594 subjects (3675 men and 2919 women) were included in the analysis. In this study, smoking status was self-reported and was graded into two categories (current smoking¼1, former smoker or never smoking¼0).
The subjects were classified based on their age in 5-year increments from 30 years of age to 65-84 years of age in both genders. Figure 1 depicts the values of radial AI in each group. In both genders, although a phased increase of the radial AI with age could be confirmed until the age of 50 years, no further increase of the radial AI was observed with increase of age above 50 years. In all age categories, radial AI was higher in women than in men. A GLM univariate linear regression analysis showed that age and gender are independent variables related to AI, and they had a significant interaction (Table 1) . Then, the analyses were conducted in four groups classified by age and gender (that is, men o50 years of age, men X50 years of age, women o50 years of age and women X50 
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H Tomiyama et al years of age). Table 2 depicts the clinical characteristics, including the risk factors for CVD (smoking status, body mass index, blood pressure, LDL, TG, HDL and FPG), in those four groups. ANOVA showed that the highest value of mean of AI was observed in women aged X50 years. In the following analyses, mean blood pressure was used as a covariate because it is a determinant of large arterial stiffness and peripheral reflectance of pressure wave reflection, and both were major determinants of AI. 19, 20 As shown in Table 3 , univariate linear regression analysis showed that smoking and mean blood pressure had a significant correlation with AI in all of those four groups. A step-wise multivariate linear regression analysis conducted after adjustment of age, height and pulse rate showed that, among the risk factors for CVD, mean blood pressure has a close positive relationship with AI in all four groups, and that smoking also has a close positive relationship with AI, except in women aged X50 years (Table 4) .
A GLM univariate linear regression analysis showed that mean blood pressure and smoking are independent significant variables related to radial AI, with interaction in men of all ages. On the contrary, in women, mean blood pressure and smoking did not have a significant interaction (Table 5) .
DISCUSSION
This cross-sectional study succeeded in measuring radial AI in a large number of healthy male and female subjects, aged from 30 to 82 years, and the results of this study were consistent with the results of an earlier study (that is, age-related increase in AI was prominent in subjects under 50 years of age, and AI was higher in women than in men). 13 Thus, evaluation of the effects of age and gender on the relationships between risk factors for CVD and AI is essential. Several studies have shown that hypertension, abnormal glucose metabolism, adiposity, smoking and heart rate are related to AI. [7] [8] [9] [10] [11] 21 In the present study, although blood pressure was an independent variable related to increased AI in men and women at any age, the significance of smoking related to increased AI was limited to men of any age and women aged o50 years. To the best of our knowledge, this study is the first to suggest the gender-related difference of the relationship between risk factors for CVD and AI even in healthy individuals.
Recently, McEniery et al. 22 demonstrated that the risk factors for CVD were independently related to central blood pressure, which was estimated by AI via the generalized transfer function. However, no study has evaluated the effect of the cluster of risk factors for CVD on AI. In the present study, blood pressure and smoking were found to act independently to increase AI without any interaction in young Abbreviations: o50, age under 50; X50, age 50 or over; BMI, body mass index; DBP, diastolic blood pressure in the right upper arm determined using an oscillometric method; F-value, F-value of the interaction between the effect of age and that of gender on variables; FPG, fasting plasma glucose; HDL, serum high-density lipoprotein cholesterol; LDL, serum low-density lipoprotein cholesterol; MBP, mean blood pressure in the right upper arm determined using an oscillometric method; P-value, P-value of the interaction between the effects of age and gender on variables; rAI, radial augmentation index; rPR, pulse rate determined using radial arterial pressure wave form analysis; SBP, systolic blood pressure in the right upper arm determined using an oscillometric method; Smoking, number of subjects with smoking; SBP1, first peak of the radial systolic blood pressure; SBP2, second peak of the radial systolic blood pressure; TG, serum triglycerides. Abbreviations: o50, age under 50; X50, age 50 or over; BMI, body mass index; FPG, fasting plasma glucose; HDL, serum high-density lipoprotein cholesterol; LDL, serum low-density lipoprotein cholesterol; MBP, mean blood pressure in the right upper arm determined using an oscillometric method; rPR, pulse rate determined using radial arterial pressure wave form analysis; TG, serum triglycerides.
women. On the contrary, in men, blood pressure and smoking had synergistic effects on the increase in AI even in the elderly. Thus, the present study suggested the clustering effect of smoking and blood pressure on the increase in AI and its gender difference. In subjects with hypertension, the exaggerated effect of smoking on the increase in AI might be more prominent in men than in women. Blood pressure and smoking increased arterial stiffness through various mechanisms. [1] [2] [3] 23 Both factors increase oxidative stress, activate vascular inflammation and/or produce endothelial dysfunction, and these abnormalities increase arterial stiffness. [1] [2] [3] 23, 24 Furthermore, neurohormonal abnormalities related to hypertension also increase arterial stiffness. 23, 24 Consistent with the results of Jatoi's study, the present study confirmed that smoking increases AI independent of blood pressure, 11 and therefore the mechanisms of the increase in AI might be different, at least in part.
Matsui et al. 15 reported the gender difference of the relationship between carotid AI and left ventricular hypertrophy in subjects with hypertension under anti-hypertensive medication. They proposed that there was no capacity for carotid AI to be influenced by other pathological factors in women because of its higher value. However, even in young women aged o50 years, the present study demonstrated gender difference of the effect of blood pressure and smoking on AI. Mitchell et al. 25 suggested unexplained differences in arterial structure or function between men and women that lead to increased wave reflection in women, and the results of the present study might agree with this suggestion.
This study has the following limitations: (1) It was conducted in healthy subjects. AI is increased severely in subjects with CVD, [1] [2] [3] 23, 24, 26 and therefore it is necessary to evaluate the usefulness of AI as a marker of arterial stiffness in subjects with CVD. (2) Although medications for CVD risk factors affect AI, [1] [2] [3] 23, 24, 26 the present study did not examine the influence of these medications on the relationship between the CVD risk factors and AI. (3) A further study to examine the ethnical difference of the relationship between the CVD risk factors and AI is proposed. (4) Body mass index correlated negatively with AI in this study. Further study is necessary to examine the relationship of pressure wave reflection with obesity. (5) The number of subjects aged 460 years was small not only among men but also among women. Furthermore, the number of smokers among women aged X50 years was also relatively small as compared with other groups, and therefore confirmation of the effect of smoking on AI in elderly women is necessary. (6) This study did not examine the effect of former smoking on AI. (7) In cases with a higher value of radial AI, a discrepancy with the value of aortic AI has been suggested. 27 Therefore, this might be a limitation of automated measurements of radial AI.
Conclusion
Among the risk factors for CVD, smoking and blood pressure were independent factors related to increase in AI. While age-related attenuation of increase in AI was confirmed in Japanese healthy subjects, these risk factors may act to increase AI even in elderly subjects, at least in part. However, a gender difference of the effect of these factors on AI may be present, and these factors may act synergistically to increase AI in men. On the contrary, these factors may act independently to increase AI without interaction in young women, whereas only the blood pressure seems to act to increase AI in elderly women. Thus, the co-existence of smoking and the elevation of blood pressure may have a more detrimental effect on pressure wave reflection in men than in women.
